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The present paper is devoted to investigating the possibility of getting stellar interiors for ultra-
dense compact spherical systems portraying an anisotropic matter distribution employing the grav-
itational decoupling by means of Minimal Geometric Deformation (MGD) procedure within the
modified theory of f(R, T ) gravity. According to this theory, the covariant divergence of stress-
energy tensor does not vanish, hence the movement of classical particles does not follow geodesics
resulting in an extra acceleration which suffices the late-time acceleration of the universe with-
out adopting to exotic matter fields. In this regard, we have considered the algebraic function as
f(R,T) = R + 2χT , the corresponding effective stress-energy tensor is conserved as well as the ex-
act solutions are derived, where χ indicates a coupling constant. Moreover, the physical quantities
associated with the new solutions are well-behaved from the physical and mathematical point of
view as well as free of geometrical singularities, violation of the causality condition, non-decreasing
thermodynamic functions. Thereafter, the physical viability of the obtained model is affirmed by
performing several physical tests of the main salient features such as energy density, radial, and
tangential pressure, anisotropy effect, dynamical equilibrium, energy conditions, and dynamical sta-
bility. On the other hand, we have generated the M − R curves from our solutions in the four
different scenarios, including GR, GR+MGD, f(R, T ) and f(R, T )+MGD, and we found a perfect
fit for many compact spherical objects in these scenarios by changing the gravitational decoupling
constant α and the coupling constant χ as free parameters. The present study reveals that the
modified f(R, T ) gravity through gravitational decoupling by means of MGD method is a suitable
theory to explain compact stellar spherical systems like, X-ray binaries viz., Vela X-1, Cen X-3, Cyg
X-2, LMC X-4, 4U 1538 52 and Her X-1, low mass X-ray binaries viz., 4U 1820-30 and 4U 1608-52,
and binary millisecond pulsars viz., PSR J16142230 and PSR J1903+327, and many more another
compact stellar spherical systems respecting the well-known and tested general requirements.
I. INTRODUCTION
Einstein’s famous theory of gravity comprises of rea-
sonable creativity and scientific style in its each pro-
gression. To represent non-inertial systems and float-
ing structures from a standard standpoint at large scale
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phases, Einstein’s gravity theory is a very helpful imple-
ment [1]. However, despite its excellence, the geometrical
singularities make it stationary in certain situations [2].
Moreover, the theory cannot continue normally for the
representation of the period of observational acceleration
of the Universe. Cannot adequately depict the enormous
elements of the Universe without taking into consider-
ation the exotic type of energy-matter that should be
known as the dark side (dark-energy and dark-matter)
[3–14]. Einstein’s theory of gravity does not account into
the matter quantum kind and cannot be quantified in a
renormalization traditional method. In this reasoning, it
has been indicated [15] that taking into account of higher-
2order curvature and flow terms in Einstein-Hilbert’s ac-
tion will make it renormalizable framework into a loop.
Then again, to incorporate quantum adjustments, the
higher-order curvature and flow invariants in the effec-
tive gravitational action at the low energy phase must be
considered [16–18]. In spite of the fact that the theory
stood the trial of time and has various applications in
physical cosmology, it can’t clarify the most serious issue
in physical cosmology, i.e., the kind of cosmological con-
stant. The acceleration of the universe at the present age
can’t be clarified without summoning new types of mat-
ter as well as energy [19]. There are two possible cases
to address this exceptional issue: the first case, numer-
ous candidates for dark energy have been suggested in
the literature, such as f-essence, k-essence, quintessence,
spintessence, tachyons field, ghost field, Chaplygin gas
[20]. In the second case, we can persuade ourselves that
we are living in a Universe with a cosmological constant
or scalar field that accelerates the Universe on a larger
scale. There are numerous studies on the nature of dark
energy and cosmic expansion based on different meth-
ods. These researches can be organized as follows: to
modify all cosmic energy by including new elements of
dark energy and to modify the action of Einstein-Hilbert
to obtain various types of modified theories that include
f(R) gravity [21–44], f(T) gravity [45–49], f(R, T ) grav-
ity [50–68], f(T) gravity [69, 70], f(T, T ) gravity [71–78],
f(G) gravity [79–81], f(R,G) gravity [82], where R, T ,
T and G are Ricci’s scalar, trace of stress-energy ten-
sor, torsion scalar and Gauss-Bonnet scalar respectively.
The f(R) theory is an appropriate theory that modi-
fies Einstein’s gravity with the substitution of action R,
by a general expression of scalar curvature R [83–88].
Starobinsky [89] assumed a cosmological model of infla-
tion employing f(R) gravity. Starobinsky [90], Hu and
Sawicki [91] inserted cosmological models employing non-
linear expressions f(R).
In the same spirit, Capozziello and his accomplices [92]
exhibited a review of f(R) gravity and talked about the
clarification of dark energy and inflation periods, depict-
ing the quickened periods of the Universe, with regards
to f(R) gravity. They likewise depicted some significant
constituents of inflation, cosmography and quintessence
in the context of f(R) gravity theory. Cruz-Dombriz and
his partners [93] figured the limits on model variables
of modified theories that include quintessence, f(R) and
f(T) and utilized cosmography as an instrument to sepa-
rate these theories. Furthermore, Aviles et al. [94] exam-
ined the development of the appropriate type of gravity
theory f(T) in a cosmographic manner. The first asso-
ciated the capacity f(T) and it’s differential coefficients
with the cosmographic variables and fixed the cosmo-
graphic restrictions which are free of the model and es-
timated that the obtained outcomes were reliable with
another cosmological model. D’Agostino and Luongo
[95] considered teleparallel dark energy simultaneously
with a non-minimal coupling among the scalar field and
torsion and contrasted this situation with that of the
quintessence. They exhibited that this energy has an
enormous set of arrangements than controlled by mini-
mal quintessence. For this purpose, the same authors in-
vestigated the rate of perturbation development and con-
trasted the outcomes with another cosmological model.
In addition, the treatment of related open research in
the cosmological domain is also a promising methodology
[24] that is closely related to the f(R, T ) theory. This
theory is created by considering non-minimal coupling
among the trace of the stress-energy tensor T and Ricci
Scalar R. Harko and his colleagues [50] acquainted it
first to handle the problems in a proficient manner, in-
troducing a new modification of Einstein’s theory of gen-
eral relativity and the f(R, T ) theory of gravity. In this
f(R, T ) theory of gravity, the matter is well-respected
on an equivalent equilibrium with configuration. Thus
one can investigate numerous fascinating and novel high-
lights of the Universe, for example, the dark matter part
[96]. One can take note of that reliance of T may origi-
nate from the thought of quantum impacts or from the
nearness of a flawed fluid. The concept of coupling of
the matter and geometry fields in a non-minimal man-
ner returns to Rastall [97], who tested the stress-energy
conservation law in the bended spacetime just because,
a hypothesis upheld by the particle creation during the
Universe development [96, 98–101]. Along these lines, it
was appeared by Smalley [102] that a model of Rastall’s
gravity, where the uniqueness of the stress-energy tensor
is relative to the Ricci scalar gradient, can be logical from
a variational rule.
Besides, some static spherically symmetric arrange-
ments of the Rastall field equations have been acquired.
For instance, by uncommon adjustment of the param-
eters of the Rastall hypothesis, a vacuum arrangement
having a similar configuration as the Schwarzschild-de
Sitter arrangement in the theory of general relativity
acquired with cosmological constant acting as a source
[103]. In this regard, Bronnikov et al [104] examined
the problem of finding static spaces with spherical sym-
metry in Rastall theory in the presence of a free scalar
field or with self-interaction. It was discovered that it is
possible to obtain specific arrangements in which part of
these arrangements are equivalent to the arrangements
that are acquired with respect to the k-essence hypothe-
sis. Furthermore, asymptotically level through-gap ar-
rangements are examined in [105] where it is demon-
strated that the Rastall hypothesis parameters influence
the wormholes space-time parameters.
Nevertheless, despite its great versatility recently as
claimed by H. Velten and T. R. P. Carameˆs [106] the
Cosmological inviability of f(R, T ) gravity theory. In
their work they tested the general functional
f(R, T ) = R+ λT + γnT
n, (1)
where R is the Ricci scalar, T ≡ gµνTµν the trace of the
energy-momentum tensor, λ, γ and n constants with n
restricted to be n ≥ 0. It was shown by the authors that
the general model (1) for different values of the param-
3eter n does not match the observational data. Hence, it
is not possible to explain the existences of dark compo-
nents ı.e, dark energy and dark matter. Of course, this
antecedent reduce the utility of f(R, T ) gravity theory as
an alternative to GR to explain the accelerated era of the
Universe. However, the general functional given by (1)
and others models with logarithmic form containing the
contribution of the trace of the energy-momentum tensor
have been used to study the feasibility in the line of com-
pact structures describing stellar interiors in the arena of
f(R, T ) theory. In this regards, the formulation of a suit-
able solution of a spherically symmetrical self-gravitating
structure has still been difficult due to the presence of
non-linearity in the field equations. Many studies have
been made in the literature to address this problem. Mak
and Harko [107] acquired a precise anisotropic disposition
of the field equations and establish a positively finished
performance of pressure and density that contribute to
the nucleus of astrophysical objects. Gleiser and Dev
[108] studied anisotropic self-gravitating frame algorithm
with a mass-to-radius ratio M/R = 4/9 and acquired
steady model for small estimates of the adiabatic index.
Kalam and his colleagues [109] discovered compact mod-
els with regards to the anisotropic system utilizing Krori
and Barua metric. Maurya et al. [110] examined com-
pact stars anisotropic solutions in terms of charge distri-
bution. Moreover, in [111, 112] were obtained compact
objects representing real celestial bodies such as neutron
and quark stars. These solutions were study within the
background of f(R, T ) gravity theory by employing the
so called embedding class I approach or Karmarkar con-
dition [113].
The existence of accurate inside solutions of self-
gravitating frameworks within the sight of anisotropy
has been achieved in different manners. In this respect,
the Minimal Gravitational Decoupling (MGD) procedure
showed up as importantly settled in finding the physically
feasible answers for spherically symmetric astrophysical
geometry. Ovalle [114] used this methodology to find pre-
cise answers to compact astrophysical objects as part of
Braneworld. However, the complete details of the MGD
approach in the Brane-World problem is given in Ref.
[115]. Moreover, this MGD approach is a very powerful
technique for exploring new spherically symmetrical solu-
tions of Einstein’s field equations. The principal property
of this method is that a straightforward solution can be
prolonged to more complicated areas. Ovalle and his col-
laborators [116–124] have done pioneering works in the
context of MGD as well as in the extended MGD sce-
nario. The starting point of this procedure is to couple
to the seed energy-momentum tensor T
(m)
µν representing
a perfect fluid (this represents the simplest case, however
it can be anisotropic also) an additional source θµν . This
is done through a dimensionless parameter, namely α.
So, the extended or total energy-momentum tensor now
reads T
(m)
µν −→ T (tot)µν = T (m)µν + αθµν . The α parameter
plays an important role into the feasibility of describing
anisotropic compact structures. It sign and magnitude
depends on the mechanism selected to close the θ-system
in order to determine the θµν components and the de-
coupler function. In this respect, one has several ways
to face the closure of the set of equations correspond-
ing to the additional source θµν . For example in the
seminal work [125] the mimic constraint procedure was
proposed and employed to deform Tolman IV solution,
what is more the same technique was used in [126], [127]
and [128] to extend the Durgapal-Fuloria, Heintzmann
IIa and Charged Heintzmann IIa solution respectively,
to an anisotropic domain. Basically, this approach con-
sists of matching the isotropic pressure p with the θrr
component or the seed energy-density ρ with the tem-
poral component θtt , arriving to an algebraic equation in
the former or a differential equation in the second case.
It should be noted that all this explanation is within the
framework of GR. In the case of modified gravity theo-
ries the resulting equations leading to the determination
of the deformation function f(r) can be different. So,
this way yields to find the concrete form of the minimal
deformation function f(r). Nevertheless, as was shown in
[129, 130] also it is possible to impose an adequate form
for f(r) respecting all the physical and mathematical re-
quirements in order to close the θ-system of equations.
So, in the previous works by using the mimic constraint
procedure naturally a lower and upper bounds appear
when p = θrr , namely 0 < α < 1. This restriction on α
are to ensure a positive defined anisotropy factor ∆ ev-
erywhere. In the case when ρ = θtt to guarantees ∆ > 0
the parameter α is allowed to take negative values. On
the other hand, the methodology following in [129, 130]
is not too much restrictive in the choice of α (sign and
magnitude), because it depends on the behaviour of the
model.
In these circumstances, Casadio and his partners [131]
implemented external responses to the self-gravitating
frame with spherical symmetry using the gravitational
decoupling method and established a geometry of naked
singularity at the Schwarzschild radius. Ovalle et al [125]
expanded the isotropic arrangement by incorporating an
anisotropy employing the MGD technique for a static as-
trophysical object system. According to this technique,
Sharif and Sadiq [132] studied a charged anisotropic
spherical solution and further analyzed the stability cri-
teria based on sound velocity, availability conditions.
In the present article the gravitational decoupling by
means of MGD is combined with the f(R, T ) gravity
methodology to investigate the the possibility of obtain-
ing in analitycal way compact structures describing real
static and spherically symmetric self-gravitating config-
urations such as neutron or quark stars. As we will see,
the general field equations in the picture of f(R, T ) grav-
ity theory are more complicated than the GR ones. So,
the gravitational decoupling by MGD approach depends
on the election of the f(R, T ) functional. In this respect
we have selected f(R, T ) = R + 2χT , being R the Ricci
scalar, T the trace of the energy-momentum tensor and χ
a dimensionless constant. This simple choice allows to de-
4couple the f(R, T ) sector from the θ-sector, what is more
the f(R, T ) contribution is carried out into the θ-sector
contributing in the final form of the decoupler function
f(r). As pointed out above, in [106] was proved that
the model given by (1) is not viable from the cosmologi-
cal point of view (this model matches our election when
γn = 0). Nevertheless, the failure to explain the problems
at the cosmological level does not imply that f(R, T )
gravity theory should be discarded from the astrophys-
ical plane. In the literature there are some novel works
devoted to the study of compact structures within the
arena of f(R, T ) gravity theory employing a linear func-
tional in R and T , showing the feasibility of the model.
For example in [133] f(R, T ) filed equations were solved
numerically finding that the maximum mass allowed for
neutron and strange stars are 1.538M⊙ and 2.017M⊙ re-
spectively. Furthermore, in[134–138] were considered the
inclusion of different ingredients such as electric charge
and anisotropies to solve the problem in analitycal form.
Furthermore, the study of collapsed configurations us-
ing different models for the f(R, T ) functional and in-
vestigations on exotic objects such as gravastar can be
found at [139, 140]. Hence, all these good antecedents
motivate and support the present investigation. More-
over, gravitational decoupling by MGD has shown to be
a powerful and versatile method to work out in different
context. Therefore, despite the simple choice considered
by us about the f(R, T ) functional, this work presents a
first step in the understanding of how to decouple gravi-
tational sources which represent analytical models for the
description of real celestial bodies. What is more, in the
limit {α→ 0, χ→ 0} general relativity results are recov-
ered, hence the obtained macro-physical observables such
as the the mass M and radius R as well as the central
data of the thermodynamic variables driven the micro-
physical process, namely {ρ(0), pr(0)} can be compared
with those provided by Einstein theory to check the pos-
sibility of exceeding the limits established for these quan-
tities within the framework of classical theory of gravity.
So, we have organized the present paper as follows:
fundamental mathematical detailing of f(R, T ) gravity
is introduced in Section II. In Section III we formulate
fundamental stellar equations in f(R, T ) gravity theory
and present the solution of the Einstein field equations
for multiple sources. In Section IV we discuss the gravi-
tational decoupling by the MGD approach in the f(R, T )
gravity structure, and present the matching conditions of
our stellar model in Section V. In Section VI we incor-
porate the decoupler MGD procedure, so as to get some
of the limitations imposed on the field equations, namely
specific the mimic constraints. Section VII discusses the
ansatz for the metric function grr suggested by Korikina
and Orlyanskii according to our solutions. Section VIII
We examine the dynamical equilibrium of the stellar sys-
tem. Then in Sections IX, X and XI we analysis the
physical acceptability and stability of the stellar system,
by investigating energy conditions, causality condition,
surface redshift, adiabatic index and fitting of observed
values inM−R curves is given in Section XII. Finally, the
concluding remarks close this paper in the last section.
II. f(R, T ) GRAVITY FORMALISM
Let us present f(R, T ) gravity. We introduce the mod-
ified gravity theory and its extension to f(R, T ) theory.
The complete action in this theory is given by
S =
1
16pi
∫
f(R, T )
√−g d4x+
∫
Lm
√−g d4x
+α
∫
Lθ
√−g d4x. (2)
Here the generic function f(R, T ) contains the trace of
the stress-energy tensor T as well as R, the Ricci scalar,
Lm is the matter Lagrangian density which represents
the possibility of non-minimal coupling between geom-
etry and matter, Lθ is the Lagrangian density of a new
sector and g stands for the determinant of the metric gµν .
In this respect, the stress-energy tensor is described by
the following expressions
Tµν = − 2√−g
δ(
√−gLm)
δgµν
, (3)
θµν = − 2√−g
δ(
√−gLθ)
δgµν
. (4)
Following Harko et al. [50] and using T = gµνTµν with
respect to the situation of the matter Lagrangian density
Lm depends solely on the metric tensor gµν , the stress-
energy tensors expressed in Eqs. (3) and (4) can be writ-
ten as follows
Tµν = gµνLm − 2 ∂(Lm)
∂gµν
, (5)
θµν = gµνLθ − 2 ∂(Lθ)
∂gµν
. (6)
The full action (2) can be varied regarding the met-
ric tensor gµν to acquire the general gravitational field
equations for f(R, T ) gravity as
(Rµν −∇µ∇ν) fR(R, T ) +fR(R, T )gµν − 1
2
f(R, T )gµν
= 8pi (Tµν + α θµν)− fT (R, T ) (Tµν +Θµν) , (7)
where fR(R, T ) = ∂f(R, T )/∂R, fT (R, T ) =
∂f(R, T )/∂T and ∇µ is the covariant derivative related
to the Levi-Civita connection of metric tensor gµν and
the D’Alambert operator  which is defined as
 ≡ ∂µ(
√−g gµν∂ν)/
√−g, and Θµν = gµνδTµν/δgµν .
In obtaining the covariant derivative expression of the
stress-energy tensor as well as the algebraic function ex-
tract, the covariant derivative of formula (7) is performed
5as follows
∇µTµν = fT (R, T )
8pi − fT (R, T )
[
(Tµν +Θµν)∇µ ln fT (R, T )
+ ∇µΘµν − 1
2
gµν∇µT − 8pi α
fT (R, T )
∇µθµν
]
. (8)
It is obvious to see that the stress-energy tensor Tµν
in f(R, T ) gravity theory is not preserved, as in other
modified gravity theories [141, 142]. Now using Eq. (5),
we define the tensor formula Θµν as follows
Θµν = −2Tµν + gµνLm − 2gαβ ∂
2Lm
∂gµν ∂gαβ
. (9)
To describe inside spacetime of the spherically
symmetric and static astrophysical structure in
Schwarzschild-like coordinates (t, r, θ, φ), we use line
element as follows
ds2 = −eν(r) dt2 + eλ(r)dr2 + r2(dθ2 + sin2 θ dφ2), (10)
where eν(r) and eλ(r) depict the gravitational potentials
of astrophysical configuration. In the further investiga-
tion, we adopt the geometrical units G = c = 1. We sup-
pose that the inside of spherical object is filled of an ideal
fluid source, in the current study we are taking into con-
sideration the stress-energy tensor in the following form
Tµν = (ρ+ p)uµuν − pgµν , (11)
where the covariant component uν denote the 4-velocity,
fulfilling uµu
µ = −1 and uν∇µuµ = 0. Here, ρ and p
represent the pressure and matter density for isotropic
matter. In the current investigation, according to the
definition proposed by Harko et al. [50], we assume Lm =
−p and applying the tensor (9) we find
Θµν = −2Tµν − p gµν. (12)
The algebraic function f(R, T ) can be chosen in many
ways corresponding to feasible models. In the present
work, we have considered the algebraic function as
f(R, T ) = R+ 2χT (13)
in order to establish the effective energy-momentum ten-
sor T effµν , where χ indicates a coupling constant. This
choice of f(R, T ) can be use to resolve the cosmologi-
cal constant problem, where the cosmological constant is
represented by an effective value proportional to Hubble
function (H = a˙/a) i.e. Λeff ∝ H2 [50, 51]. By using
this linear function and with the help of the general func-
tion of motion (7), Einstein’s tensor is explicitly reduced
as
Gµν = 8pi (Tµν + α θµν) + χTgµν + 2χ(Tµν + p gµν)
= 8piT˜µν + 8pi α θµν = T
eff
µν . (14)
It should be noted that when the algebraic function
reduces to curvature scalar R, the field equations (7)
turning directly to Einstein field equations. Examining
such specific linear supposition has generally acknowl-
edged addressing cosmological as well as stellar solutions.
By exchanging the value of the functional f(R, T ) in Eq.
(8), we get
∇µTµν = − 1
2 (4pi + χ)
χ
[
gµν∇µT + 2∇µ(pgµν)
+α
8pi
χ
∇µθµν
]
. (15)
However, this Eq. (15) can be written in the follow-
ing achievable form∇µT effµν =0, which depicts the conser-
vation of the stress-energy tensor T effµν for the effective
distribution of the matter. Note that if we disable the
coupling α and the free parameter χ takes the value zero,
the standard results due to the general relativity can be
achieved.
III. BASIC STELLAR EQUATIONS IN f(R, T )
GRAVITY THEORY
As we are focused on examining a spherical fluid, we
consider the static, spherically symmetric astrophysical
structure, for which the most general line element of the
inside spacetime, can be depicted as the following metric
ds2 = −eν(r)dt2 + eη(r)dr2 + r2(dθ2 + sin2θ dφ2). (16)
where ν and η are metric potentials and depend only on
the radial coordinate r, for which the staticity of space-
time is guaranteed. For a spherically symmetric stellar
system, combining Eqs. (11), (12), (14) and (16), we
arrive at the following differential equations
8pi(ρ¯+ α θtt) = e
−η
(
η′
r
− 1
r2
)
+
1
r2
, (17)
8pi(p¯− α θrr) = e−η
(
ν′
r
+
1
r2
)
− 1
r2
, (18)
8pi(p¯− α θϕϕ) =
e−η
4
(
2ν′′ + ν′2 + 2
ν′ − η′
r
− ν′η′
)
(19)
where
ρ¯ = ρ+
χ
8 pi
(3ρ− p), (20)
p¯ = p− χ
8 pi
(ρ− 3p) (21)
Then from the system (17)-(19), we can write the corre-
sponding conservation law ∇µT (eff)µν = 0 as,
−α
[
ν′
2
(
θtt − θrr
)− dθrr
dr
+
2
r
(θϕϕ − θrr)
]
− dp¯
dr
−ν
′
2
(ρ¯+ p¯) = 0. (22)
As a whole the equations system (17)-(19), we have
three non-linear differential equations for seven unknown
6functions: {η, ν}, {ρ(eff), p(eff)} and {θtt, θrr , θϕϕ}, where
these grouped functions in braces represent the metric
potentials, the thermodynamic observables and the extra
source components, respectively. So as to get these un-
known we choose a systematic methodology. Moreover,
the equations system (17)-(19), which includes total en-
ergy density, total radial and total tangential pressures,
can be classified as follows
ρ(eff) = ρ¯+ α θtt = ρ+
χ
8 pi
(3ρ− p) + α θtt , (23)
p(eff)r = p¯− α θrr = p−
χ
8 pi
(ρ− 3p)− α θrr , (24)
p
(eff)
t = p¯− α θϕϕ = p−
χ
8 pi
(ρ− 3p)− α θϕϕ. (25)
Once more, we remark that when θrr 6= θϕϕ, anisotropic
behavior appears in the system due to the present of the
θ-sector. So, we defined the effective anisotropy factor
∆(eff), in order to measure the anisotropy behavior as
follows
∆(eff) = p
(eff)
t − p(eff)r = α
(
θrr − θϕϕ
)
. (26)
In this respect, the equations system (17)-(19) could un-
doubtedly be dealt as an anisotropic fluid, which should
make it possible to consider five unknown functions, viz.,
the two metric potentials and the three total functions
expressed in the equations system (17)-(19). However,
we will perform an alternate methodology, as clarified
below.
IV. GRAVITATIONAL DECOUPLING BY MGD
APPROACH
In this part, we use the minimal geometric deformation
gravitational decoupling procedure as previously men-
tioned. So, for extending spherical and static isotropic
fluid solutions to anisotropic areas, it is necessary that
the gravitational decoupling by MGD approach becomes
a straightforward and efficacious implement. Let us con-
sider the perfect fluid solution {ξ, µ, ρ¯, p¯} by deactivating
the coupling α, so that the canonical line element (16)
becomes
ds2 = −eξ(r)dt2 + dr
2
µ(r)
+ r2(dθ2 + sin2θ dφ2), (27)
where µ(r) = 1 − 2m/r is the standard term for the
mass function. Now, in order to see the θ-sector im-
pacts generated by the gravitational source θµν in the
equations system (17)-(19), we have to incorporate the
coupling parameter α in the perfect fluid distribution. In
order to incorporate the impacts of the new sector θµν in
uncharged anisotropic model, we consider the geometric
deformation functions ξ and µ as
ξ → ν = ξ + αh (28)
µ→ e−η = µ+ αf, (29)
where f and h represent the deformations related to the
components of the radial and temporal line elements, re-
spectively. It should be noted that the previous defor-
mations are purely radial functions, this characteristic
ensures the spherical symmetry of the solution. The as-
sumed MGD method relates to set h = 0 or f = 0, for
this situation the deformation will be performed only on
the radial component, remaining the temporal one unal-
tered, that is to say that h = 0. In this respect where
h = 0, we have
µ(r)→ e−η(r) = µ(r) + αf(r), (30)
which is known as the Minimal Geometric Deformation
(MGD).
Using now this Eq. (30) is easy to see that the equa-
tions system (17)-(19) splits in two equations systems.
The first of them is
8 pi ρ¯ = −µ
′
r
− µ
r2
+
1
r2
= 8 piρ+ χ (3ρ− p), (31)
8 pi p¯ = µ
(
ν′
r
+
1
r2
)
− 1
r2
= 8 pi p− χ (ρ− 3p), (32)
8 pi p¯ =
µ
4
(
2ν′′ + ν′ 2 + 2
ν′
r
)
+
µ′
4
(
ν′ +
2
r
)
= 8 pi p− χ (ρ− 3p), (33)
which corresponds to α = 0, implying that the distribu-
tion of the fluid matter is perfect.
From now we will call the equations system (31)-(33) as
modified f(R, T ) gravity system. Furthermore, with the
considerations relating to Eqs.(20) and (21), the quanti-
ties ρ and p can be written in terms of metric potentials
as follows
ρ =
1
(8pi + 4χ) (8pi + 2χ) r2
{
(8pi + 3χ)(1− µ′ r − µ)
+χ (µ ν′ r + µ− 1)}, (34)
p =
1
(8pi + 4χ) (8pi + 2χ) r2
{
(8pi + 3χ) (µ ν′ r + µ− 1)
+χ (1− µ′ r − µ)}.(35)
while the pressure isotropy equation G11 = G
2
2 reduces to
4 (1− µ) + 2r (µ′ − µν′) + r2 (2µν′′ + µν′2 + µ′ν′) = 0.
(36)
So from this Eq. (36) we notice that all the solutions
obtained in the general relativity case are also present in
the modified f(R, T ) gravity theory case. Moreover, it is
clear that, despite the qualitative subtlety between the
solutions for Einstein’s theory of gravity and the mod-
ified f(R, T ) theory of gravity, there is a quantitative
difference between the two models when considering the
geometric and material content. In this regard the two
models share only the geometrical content but not the
7material one, is in this situation that any solution to Ein-
stein theory of gravity can be viewed as a solution in the
gravitational f(R, T ) system. The standard expression
for the mass takes the new form as,
m(r) = 4pi
∫ r
0
ρ(r) r2 dr (37)
m(r) =
4pi
[(8pi + 3χ)2 − χ2]
∫ r
0
{
2 (4pi + χ) (1− e−λ)
+ (8pi + 3χ)λ′ r e−λ + χ ν′ r e−λ
}
dr, (38)
Here χ is a dimensionless coupling constant, which
plays a fundamental role for determining the astrophysi-
cal configuration. At this regard, it is essential to point
out that when the coupling constant χ is zero, the modi-
fied f(R, T ) gravity recovers the same physical behavior
as the general relativity. It should be noted that we have
considered the Eq. (36), as the main differential equa-
tion in this study contains two fundamental integration
constants. In any case, we can adapt the constants re-
garding the mass M and radius R of the distribution by
solving the linear corresponding equation.
As previously mentioned, the quantities ρ and p after
some algebraic handling in their proper formulas contain
the coupling constant as anticipated. Moreover, using
the equations (34)-(35) with respect to χ = 0 we find
the standard GR field equations for distributions of the
isotropic matter. additionally, combining Eqs (34) and
(35), we obtain the usual inertial mass density ρ + p in
the following form
ρ+ p =
µν′ − µ′
r
. (39)
On the other hand, the second equations system reads
−f
′
r
− f
r2
= 8piθtt, (40)
−f
(
ν′
r
+
1
r2
)
= 8piθrr (41)
−f
4
(
2ν′′ + ν′ 2 + 2
ν′
r
)
− f
′
4
(
ν′ +
2
r
)
= 8piθϕϕ, (42)
and the conservation equations associated with the
equations ensemble (34)-(35) and (38)-(40) are
ν′
2
(ρ+ p) +
dp
dr
− χ
2(4pi + χ)
d
dr
(ρ− p) = 0, (43)
−ν
′
2
(θtt − θrr) +
dθrr
dr
− 2
r
(θϕϕ − θrr) = 0. (44)
Furthermore, we remark that the linear combination
of conservation equations (43) and (44) with respect to
coupling constant α gives the conservation equation for
the total stress-energy tensor T
µ(eff)
ν = T¯ µν + αθ
µ
ν , in the
form
−dp
dr
− α
[
ν′
2
(θtt − θrr)−
dθrr
dr
+
2
r
(θϕϕ − θrr)
]
− ν
′
2
(ρ+ p)
+
χ
2(4pi + χ)
d
dr
(ρ− p) = 0.(45)
So from this Eq. (45), we notice that the last factor is
an additional term which is coupled via χ parameter in
the f(R, T ) gravity arena. Furthermore, this additional
term could on a fundamental level be attractive or
repulsive in nature, due to its dynamical behavior of
the physical parameters like energy density and pressure
depends on the behavior of the free parameter χ. In the
limiting case of χ = 0, Eq. (45) is similar to the explicit
form of conservation law ∇µT (eff)µν = 0 given in Eq. (22).
Now it is important to remark that from now onward
we will characterize the complete physical parameters for
the energy density, radial pressure and tangential pres-
sure as follows :
ρ(tot)(r) = ρ(r) + α θtt(r), (46)
p(tot)r (r) = p(r) − α θrr(r), (47)
p
(tot)
t (r) = p(r) − α θϕϕ(r), (48)
where the quantities ρ and p are specified by Eqs. (34)
and (35), respectively. On the other hand, we can see
that the Eqs. (34)-(35) depends on the extra geometric
term which is coupled by means of χ parameter. For
this purpose, we can conclude that the physical quanti-
ties such as, the total anisotropy factor (∆tot) and the
effective anisotropy factor (∆eff) are characterized by the
Eqs. (47)-(48) and Eq. (26) respectively, are indistin-
guishable. Now the inner stellar geometry for the present
MGD model can be given by the following line element,
ds2 = −eν(r)dt2+
[
1− 2 m¯(r)
r
]−1
dr2+r2(dθ2+sin2θdφ2),
(49)
where m¯(r) defines the internal mass of the MGD model
which can be given as,
m¯(r) =
r
2
[
2m(r)
r
− αf(r)
]
. (50)
V. EXTERIOR SPACE-TIME: JUNCTION
CONDITIONS
To ensure a well behaved compact structure i.e., a con-
fined and finite matter distribution with well posed mass
M and radius R, it is necessary to join the inner geom-
etry M− at the surface Σ = r = R with the exterior
space-time M+ surrounding the configuration. In this
respect, in the case of general relativity framework the
outer manifold is well known, precisely it corresponds
to Schwarzschild vacuum space-time (in considering un-
charged, non-radiating and static compact object). How-
ever, in the context of f(R, T ) gravity the outer manifold
surrounding the fluid sphere does not necessarily coincide
with the Schwarzschild solution, what is more this ex-
terior space-time could in principle receive contributions
from the material sector given by the trace of the energy-
momentum tensor due to the breakdown of the minimum
8coupling matter principle between the gravitational and
the material sector. Thus, the usual junction conditions
applicable in general relativity i.e., Israel-Darmois (ID
from now on) [143, 144] matching conditions could not
work in this context any more or should be appropriate
redefined. So, a simple way to see how the contributions
coming from the f(R, T ) function could affect the exte-
rior space-time, is re-written the field equations (7) as
follows (putting α = 0),
Gµν ≡ Rµν − R
2
gµν =
1
fR
[
8piTµν +
f
2
gµν − R
2
fR gµν
− (Tµν +Θµν) fT − (gµν−∇µ∇ν) fR
]
,
(51)
then by taking the trace of the above equation one ob-
tains
R =
1
fR
[
8piT + 2f − (T +Θ) fT − 3fR
]
. (52)
So, in considering an empty matter field i.e, Tµν = 0 →
T = 0 Eq. (52) yields to
R =
1
fR
[2f1 − 3fR] , (53)
where f1 represents the geometrical part of the f(R, T )
function that is f1 ≡ f1(R). This is so because the
f(R, T ) function can be seen as f(R, T ) = f1(R)+f2(T ).
Therefore, it is clear that a vanishing energy-momentum
tensor in the framework of f(R, T ) gravity theory does
not mean a null Ricci scalar like in general relativity
where for Tµν = 0 → R = 0 → Rµν = 0 which repre-
sents a vacuum space-time. What is more, Tµν = 0 does
not imply f2 = 0 at all, of course this term could con-
tributes with a constant term for example. However, if
Tµν = 0 leads to f2 = 0, the outer manifold is affected
by the geometric terms encoded in f1 and fR. This last
situation also happens in f(R) gravity theory, where R2,
R3 and so on, modify the interface between the inner
geometry and the exterior one [83].
At this point it is clear that the ID conditions will
work as they do in general relativity, if and only if one
ensures that the external solution matches those of gen-
eral relativity. Obviously it is not an easy task to achieve
it, since the function f(R, T ) can be as complex as one
wants. As regards this, equation (13) ensures that the
contributions of the geometric and material sector re-
main confined within the range 0 ≤ r ≤ R. Moreover,
the fact that the function f(R, T ) is linear in R plus
a linear coupling in T through an adjustable parameter
χ, can be seen as a general relativity model coupled to
a variable cosmological constant which also breaks the
minimal coupling matter with the gravitational sector.
Concretely, by inserting (13) into Eq. (53) and solving
for R provides R = 0 and hence Rµν = 0 (in Eq. (51))
which represents a vacuum exterior space-time ı.e, the
Schwarzschild geometry surrounding the fluid sphere. On
the other hand, only the potential contributions coming
from the f(R, T ) model was analyzed, however one needs
to study the behaviour of the extra piece of the energy-
momentum tensor i.e., the θ-sector. This new term could
also, in principle, modify the material content of the ex-
ternal space-time. So, the specific geometry describing
this external manifold will be given by
ds2 = −
[
1− 2M
r
]
dt2+
dr2
1− 2Mr + α g(r)
+r2dΩ2, (54)
where g(r) is the geometric deformation for the exterior
Schwarzschild space-time due to θµν source. The met-
ric (54) represents a deformed Schwarzschild space-time
which is not vacuum any more. However, without loss
of generality and for the sake of simplicity one can ren-
der g(r) to be null recovering the usual outer vacuum
space-time.
So, to join in a smoothly way the internal configura-
tion with the exterior one, the ID junction conditions in-
volve the first and second fundamental forms. The first
fundamental form express the continuity of the metric
potentials across the boundary Σ. More specifically, the
metric potentials describe the intrinsic geometry of the
manifolds. So, the first fundamental form reads
[
ds2
]
Σ
= 0, (55)
concisely
eν
−(r)|r=R = eν
+(r)|r=R, (56)
and
eη
−(r)|r=R = eη
+(r)|r=R, (57)
standing ” − ” and ” + ” the inner and external geome-
try respectively. The second fundamental form is related
with the continuity of the extrinsic curvature Kµν in-
duced by M− and M+ on Σ. The continuity of Krr
component across Σ yields to
[
p(tot)r (r)
]
Σ
= [p(r)− α θrr(r)]Σ = 0. (58)
At this stage we would like to mention that, p
(tot)
r has
taken a different form in comparison with the expression
(24) since ρ and p were separated implying that the cou-
pling parameter χ is involved. Now the terms coming
from the coupling parameter are encoded in separate ex-
pressions for ρ and p given by Eqs. (34)-(35). From this
point of view it is clear how χ contribution comes into
the pressure equation. Now we shall denote the extra
components for coupling parameter χ in the expression
(35) as follows
Fχ(r) = χF
1
µν(r)−hχ
∞∑
n=0
(−1)n(hχ)n [F 2µν(r)+χF 1µν (r)].
(59)
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F 1µν(r) =
3µ
8pi
(
ν′
r
+
1
r2
)
− 1
8pi
(
µ′
r
+
µ
r2
− 1
r2
)
,
F 2µν(r) = −
(
µ′
r
+
µ
r2
)
+
1
r2
, hχ =
(
χ
4pi
+
χ2
8pi2
)
.
It should be noted that the form of Fχ depends on the
choice of Tµν which in our case is given by Eq. (11)
describing a perfect fluid matter distribution. At this
point a couple of comments are pertinent. First, p(r) in
Eq.(47) is given by Eq. (35). Second, in this way the
f(R, T ) contribution will come into the θ-sector through
the decoupler function f(r) (as we will see later) in order
to see the effects on it. So Eq. (58) reads
[p(r) − α θrr(r)]r=R− = [−Fχ(r) − α θrr(r)]r=R+ . (60)
Taking into account the previous discussion Eq. (60)
becomes to
[p(r) − α θrr(r)]r=R− = 0. (61)
Moreover, by using Eq. (41) in (58) we obtain
p(R) + αf(R)
(
1
R2
+
ν′(R)
R
)
= 0. (62)
As said earlier, equation (62) is an important result since
the compact object will therefore be in equilibrium in a
true exterior space-time without material content (vac-
uum) only if the total radial pressure at the surface van-
ishes. The obtained condition (62) determines the size of
the object ı.e the radius R which means that the material
content is confined within the region 0 ≤ r ≤ R. Fur-
thermore, the continuity of the remaining components
Kθθ and Kφφ leads to
m¯(R) = M¯. (63)
Equation (63) refers to the total effective mass contained
in the sphere.
VI. MIMIC CONSTANT
It is interesting to consider the form adopted by the
field equations (34)-(35) and (40)-(42). In this respect,
we incorporate the gravitational decoupling technique
(30), one obtain a few limitations imposed on these field
equations, namely the mimic constraints. Furthermore,
these options lead to new solutions are well behaved from
the physical and mathematical point of view as well as
free of geometrical singularities, violation of the causality
condition, non-decreasing thermodynamic functions etc.
Moreover, other choices can be fulfilled through some ba-
sic requirements in order to be an admissible model from
the physical and mathematical point of view. In this
regard, a direct and satisfactory portrayal for the geo-
metric deformation function f(r) [128–130, 145] should
be fulfilled with these basic requirements or only concern
the components of θ-term with a barotropic, polytropic
or linear state equation.
A. θ-effects: Mimic constraint on density for
anisotropy
The necessary and sufficient conditions for a smooth
admissible interior solution in the interior spherical con-
figuration is given when constraining the related radial
pressure θrr to mimic the density ρ(r). Expressly
θtt(r) = ρ(r). (64)
Hence, by comparing with Eqs. (34) and (40), then the
decoupler function f(r) can be given as,
f(r) =
8pi
(8pi + 4χ)(8pi + 2χ)
(
(8pi + 4χ)µ(r) − (8pi + 2χ)
−χ
r
∫
µ(ν′r + 1) dr
)
. (65)
Thus the deformed gravitational potential e−η associ-
ated to radial metric component µ can given through the
eq.(30) as,
e−η = µ+
8pi
(8pi + 4χ)(8pi + 2χ)
[
(8pi + 4χ)µ(r)−
(8pi + 2χ)− χ
r
∫
µ(ν′r + 1) dr
]
. (66)
Then we can acquire,
p(tot)r = p(r) − α θrr (67)
p
(tot)
t = p(r) − α θϕϕ, (68)
and making use of the formula (ρ(tot) = ρ + α θtt), with
the help of condition (64), we can express the ρ(tot) as,
ρ(tot) = (1 + α) ρ(r), (69)
From Eq.(66), we note that the gravitational potential
η contains integral terms therefore it is not always easy
to obtain deformed radial gravitational potential eη for
a given function of ν. Moreover, from Eqs. (34), (35)
and (66) one can obtain the energy density ρ(r) and the
pressure p(r) for a specific metric potential ν.
B. θ-effects: Mimic constraint on pressure for
anisotropy
In this situation, we apply another approach of
isotropic pressure given by Eq. (35) mimics its anal-
ogy of the anisotropic sector indicate in Eq. (41) to close
equations system (40)-(42) in order to obtain a physically
and mathematically acceptable solution. The simplest
approach which fulfills this crucial requirement is
θrr(r) = p(r). (70)
This requirement infers that the energy-momentum ten-
sor for the seed solution matches with the anisotropy in
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the radial direction. As a result, the fact that Eq. (35)
and (41) are equal, which gives us a general form of the
generic function which involves deformation function as
f(r) =
(8pi + 3χ) (1− µ ν′ r − µ)− χ (1− µ′ r − µ)
(8pi + 4χ) (8pi + 2χ) (ν′ r + 1)/8pi
. (71)
Then, the general form of minimally deformed radial
gravitational potential e−η is explicit as
e−η = µ+
(8pi + 3χ) (1− µ ν′ r − µ)− χ (1− µ′ r − µ)
(8pi + 4χ) (8pi + 2χ) (ν′ r + 1)/8piα
.
(72)
In this scenario we can obtain,
p(tot)r = (1 − α) p(r) (73)
p
(tot)
t = p
(tot)
r +∆, (74)
and by virtue of condition (70) we can write the explicit
form of ρ(tot) as,
ρ(tot) = ρ(r) + α θϕϕ , (75)
Here we see that Eq.(72) does not contains any integral
term. This implies that the deformed metric potential
eη can be obtained easily in the case of θrr = p(r) as
compared to θtt = ρ(r), where the energy density ρ(r)
and the pressure p(r) are given by Eqs. (34) and (35),
respectively.
VII. DECOUPLING MGD STELLAR
STRUCTURE : KORKINA-ORLYANSKII MODEL
In the present section we wish to obtain a gravitational
decoupling MGD model in the framework of modified
f(R, T ) gravity theory. For this purpose we will solve
the system (40)-(42) by employing an appropriate restric-
tion on components of θµν to determine the deformation
function f(r). But, in order to determine the deforma-
tion function f(r) it is necessary to specify the seed solu-
tion which must satisfy the eq. (36). Therefore, we take
Korika-Orlyanskii perfect fluid solution as a seed solution
which is satisfying the isotropic condition (36). In doing
so, we follow the same techniques as adopted by Ovalle to
close the system (40)-(42). The gravitational potentials
corresponding to Korika-Orlyanskii solution are given as,
µ =
1 +Ar2
1 + 2Ar2
, (76)
eν = C (1 +Ar2)
[
D +
√
1 + 2Ar2
1 +Ar2
−
√
2 ln
(√
1 + 2Ar2 +
√
2 + 2AR2
) ]2
. (77)
where C and D are the arbitrary integration constants.
Note that the ansatz for the metric function grr in Eq.
(76) firstly suggested by Korikina and Orlyanskii [146]
to develop a method for generating spherically symmet-
ric static solutions of the field equations, and conse-
quently used by Maurya and Gupta [147] to build the
well-behaved relativistic charged compact spherical ob-
ject systems as well as the role of pressure anisotropy
on the same objects which is developed in [148]. This
choice of the metric function is physically well-motivated
and has been utilized by several researchers in the past
to build feasible astrophysical systems. Moreover, the
metric function (76) is likewise positive and free from
the geometric singularity at the center. The density
and isotropic pressure for Korika-Orlyanskii model in the
framework f(R, T ) gravity theory can be expressed as
ρ =
A
(64pi2 + 48piχ+ 8χ2)
[
(8pi + 3χ) (3 + 2Ar2)
(1 + 2Ar2)2
+
χ
(1 + 2Ar2)
− 4χ [1 +A
2r4 +Ar2 (2 +
√
1 +Ar2)]
(1 + 3Ar2 + 2A2r4)3/2 [D +Ψ(r)]
]
, (78)
p =
A
(64pi2 + 48piχ+ 8χ2)
[
χ (3 + 2Ar2)
(1 + 2Ar2)2
+
(8pi + 3χ)
(1 + 2Ar2)
−4 (8pi + 3χ) [1 +A
2r4 +Ar2 (2 +
√
1 +Ar2)]
(1 + 3Ar2 + 2A2r4)3/2 [D +Ψ(r)]
]
. (79)
where,
Ψ(r) =
√
1+2Ar2
1+Ar2 −
√
2 ln
(√
1 + 2Ar2 +
√
2 + 2AR2
)
.
It is found that the Eqs. (78)-(79) consist of coupling
parameter χ. As a result, for χ → 0, the expressions
(78)-(79) seems promising to explain the corresponding
energy-density and the isotropic pressure of the origi-
nal Korika-Orlyanskii, similar to energy-density and the
isotropic pressure, which fulfilled the Einstein field equa-
tions. On the other hand, the expressions (78)-(79) shows
that all the solutions obtained in the case of any perfect
fluid solution of Einstein theory are also present in the
context of modified f(R, T ) gravity theory due to the
non-minimal coupling matter presented by the coupling
parameter χ, which gives a more complicated thermo-
dynamic behavior. In order to depict the expressions
for θ−components of the stellar models in f(R, T ) grav-
ity we need to determine the deformation function f(r).
On the other hand, as we can see that the field Eqs.
(34)-(35) depends on metric function eν corresponding
to Korika-Orlyanskii solution that involves the logarith-
mic relationship. In this situation, it is difficult to in-
tegrate the deformation function f(r) in closed form in
case of mimic constraint on density for anisotropy viz.
θtt(r) = ρ(r). Therefore, to find the deformation function
f(r), we take the pressure of the anisotropy as mentioned
above by eq.(70) i.e. θrr = p(r). Thus, by employing
eqs.(71), (76) and (77), we can obtain f(r) in the follow-
ing form,
f(r) =
−pi χ (3 + 2Ar2)Ar2 + pi (3χ+ 8pi)Ψ2(r)
(χ+ 2pi) (χ+ 4pi)(1 + 2Ar2)2 [1 + 2Ar2Ψ1(r)]
,(80)
where,
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Ψ2(r) = (1 + 2Ar
2)Ar2 [1− 2(1 +Ar2)Ψ1(r)] , Ψ1(r) = 1
(1 +Ar2)
− 2 [1 +A
2r4 +Ar2 (2 +
√
1 +Ar2)]
[D +Ψ(r)] (1 +Ar2)5/2
√
1 + 2Ar2
.
Hence the deformed gravitational potential e−η(r) turns out to be,
e−η(r) = µ+ αf(r) =
1 + Ar2
1 + 2Ar2
+ α
(−pi χ (3 + 2Ar2)Ar2 + pi (3χ+ 8pi)(1 + 2Ar2)Ar2 [1− 2(1 +Ar2)Ψ1(r)]
(χ+ 2pi) (χ+ 4pi)(1 + 2Ar2)2 [1 + 2Ar2Ψ1(r)]
)
. (81)
So using Eqs. (73)-(75) and (81) , we get total pressures and total energy density as,
ptotr = (1− α) p =
A (1− α)
(64pi2 + 48piχ+ 8χ2)
[
χ (3 + 2Ar2)
(1 + 2Ar2)2
+
(8pi + 3χ)
(1 + 2Ar2)
− 4 (8pi + 3χ) [1 + A
2r4 +Ar2 (2 +
√
1 +Ar2)]
(1 + 3Ar2 + 2A2r4)3/2 [D + f(r)]
]
, (82)
ptott = p
tot
r +∆, (83)
ρtot = ρ+ α θtt (84)
where pressure anisotropy ∆ = θϕϕ − θrr . From the
above thermodynamics observable, we can determine
that how gravitational decoupling by means of MGD ef-
fects on Korika-Orlyanskii model in the framework of
modified gravity theory. In order to compare and dis-
cuss the results, we have taken four cases namely GR,
GR+MGD, f (R, T ) and f (R, T )+MGD.
Presently we have in particular the constants C and
D. These are characterizing inside the solution that can
be obtain from Eqs. (56), (57) and (61). The eqs. (56)
and (57) leads to
eν(r)|r=R− = [µ(r) + αf(r)] |r=R− = 1− 2
M
R+
, (85)
where the Schwarzschild mass M matches with all-out
mass M¯ contained in the spherical object at the limit
Σ. Moreover the condition (61) together with eq.(73) on
boundary Σ yields,
(1− α) p(r)|r=R− = 0. (86)
We find from the above Eq.(86) the constant D as,
D =
√
1 + 2AR2 [4piD1(R) + χD2(R)] +D3(R)
(1 +AR2)3/2 (3χ+ 4pi + 4χAR2 + 8piAR2)
. (87)
where,
D1(R) = 4 + 4A
2R4 −
√
1 + AR2 + 2AR2(4 +
√
1 + AR2),
D2(R) = 6 + 6A
2R4 − 3
√
1 + AR2 + 2AR2(6 +
√
1 +AR2),
D3(R) = (3χ+ 4pi + 4χAR
2 + 8piAR2)(1 + AR2)3/2
√
2 ln
[√
1 + 2AR2 +
√
2 + 2AR2
]
.
However, the constant C can be determined by rela-
tion eν(r)|r=R− = [µ(r) + αf(r)] |r=R− which is needed
in order to determine the gravitational redshift within
the MGD model. Consequently, the natural constraint
on the free parameter α is obtained from the last Eq.
(86) (since pressure cannot be negative) as
α < 1, (88)
In order to conserve p
(tot)
t > p
(tot)
r at all focuses interior
the collapsed configuration which guarantees also ∆ > 0,
what keeps the framework from carrying out unwanted
actions such as instabilities. As we can see, p
(tot)
t imposes
a lower limit on α ı.e, α > 0. Thus, the positivity of
the complete tangential pressure in the whole compact
structure is guaranteed. So we have
0 < α < 1, (89)
VIII. DYNAMICAL EQUILIBRIUM
CONDITION
In order to perform the equilibrium analysis of the
model for stellar system through MGD method in the
context of f(R, T ) gravity theory, we need the general-
ized TOV equation. It comes from the modified form
of the energy conservation equation for the stress-energy
tensor in the same modified gravity framework given in
Eq. (15). In this respect, the modified form of the TOV
equation explicitly read as,
−dp
dr
− α
[
ν′
2
(θtt − θrr)−
dθrr
dr
+
2
r
(θϕϕ − θrr)
]
− ν
′
2
(ρ+ p)
+
χ
2(4pi + χ)
d
dr
(ρ− p) = 0.
(90)
the above equation says that the system is under the
action of the gravitational, hydrostatic, anisotropic and
f(R, T ) gradients. Due to the system possess spherical
symmetry these gradients act along the radial direction.
Thus, the compact configuration will be in hydrostatic
equilibrium only if the modified TOV equation is satis-
fied. In Fig. 5, we have demonstrated the evolution of
the aforementioned gradients inside the object with re-
spect to the radial coordinate r due to different chosen
values of α and χ parameters. We find that the equilib-
rium of the compact system is achieved for all values of
α and χ parameters in the four different scenarios viz.,
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GR, GR+MGD, f (R, T ) and f (R, T )+MGD validating
the dynamical equilibrium of the compact structure. It
should be noted that the TOV equation in the framework
of GR driven the hydrostatic equilibrium for spherically
symmetric compact object supported by isotropic matter
distribution is recovered by fixing α and χ equal to zero.
IX. ENERGY CONDITIONS
One of the many remarkable predictions of the mat-
ter distribution that constitutes heavenly bodies can be
made from a huge number of material fields. In spite
of knowing the constituents that portray this material
substance inside the compact structure, it could be ex-
tremely intricate to depict precisely the state of the
stress-energy tensor. Actually, one has a few thoughts
on the behavior of the matter under extraordinary states
of density and pressure.
Nonetheless, it is crucial to verify the viability of some
inequalities corresponding to the stress-energy tensor.
For this purpose, we investigate these inequalities so-
called energy conditions for describing physically realis-
tic matter configuration. The corresponding energy con-
ditions viz., the Null Energy Condition (NEC), Strong
Energy Condition (SEC) and Weak Energy Condition
(WEC) are defined as
WEC : Tµν l
µlν ≥ 0 or ρ˜ ≥ 0, ρ(tot) + p(tot)i ≥ 0 (91)
NEC : Tµνt
µtν ≥ 0 or ρ(tot) + p(tot)i ≥ 0 (92)
where Tµν l
µ ∈ nonspace-like vector
SEC : Tµν l
µlν − 1
2
T λλ l
σlσ ≥ 0 or ρ(tot) +
∑
i
p
(tot)
i
≥ 0. (93)
where i ≡ (radial r, transverse t), lµ and tµ are time-
like vector and null vector respectively.
For the physical validity corresponding to a well-
characterized stress-energy tensor, the compact stellar
structure must be reliable with the inequalities (91)-(93)
simultaneously, in order to fulfill the energy conditions.
In Fig. 6, we have shown that our stellar model is con-
sistent with all the energy conditions and hence confirms
that the physical acceptability of compact stellar interior
solution.
Depending on the above energy conditions and its be-
havior, the energy must be well-defined and have an in-
teresting result to a reasonable physical and geometric
explanation. From the physical perspective, WEC sug-
gests that the energy density estimated by an eyewitness
traversing a timelike bend is positive. NEC implies that
an eyewitness crossing a null bend will quantify the sur-
rounding energy density to be non-negative. SEC indi-
cates that the trace of the tidal tensor estimated by the
relating eyewitnesses is consistently positive.
Furthermore, the exploration about the availability of
these constraints has been a source fundamental for nu-
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FIG. 1. Variation of pressures with radial coordinate r for
the star 4U 1820-30. For plotting of this graph, the numer-
ical values for the constant parameters are A = 0.001, D =
0.1, C = 0.1315.
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FIG. 2. Variation of density with radial coordinate r for the
star 4U 1820-30.For plotting of this graph, the numerical val-
ues for the constant parameters are A = 0.001, D = 0.1, C =
0.1315.
merous relativistic astrophysicists. It has been seen that
steadiness phases of these energy conditions could help
enough to investigate the steady field of heavenly struc-
tures. It is outstanding that relativistic configurations
are combined with matter distributions which is depicted
by its energy-momentum tensor. So as to define the ar-
bitrariness of these tensors, it is advisable to intervene
in a realistic form of matter domain. Those energy-
momentum tensors that obey energy conditions, could
be viewed as realistic ones. Moreover, the satisfaction of
these energy conditions imposes strong limitations on the
most extreme conceivable bound of the surface redshift
Zs of the compact configuration model when the stellar
system inside presents anisotropies. These suggestions
will be examined in more subtleties in the following sec-
tion.
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FIG. 3. Variation of anisotropy ∆ with radial coordinate r
for the star 4U 1820-30.
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X. CAUSALITY AND SURFACE REDSHIFT
We analyze the speeds of propagation related with the
pressure waves in the radial and tangential directions of
the compact structures as well as the modification of the
upper limit of the surface redshift Zs as indicated by
the adjustments presented by the existence of anisotropic
matter distribution in the stellar system inside. The ra-
dial velocity and tangential velocity of sound (in term of
total density and pressures) interior the compact struc-
tures can be achieved as,
v2r =
dp
(tot)
r
dρ(tot)
and v2t =
dp
(tot)
t
dρ(tot)
. (94)
Both the radial (vr) and tangential (vt) subliminal sound
speed inside the compact structure must be limited by
the speed of light (c = 1 in relativistic geometrized units)
in order to get a physically acceptable stellar model and
hence admissibility of the resulting anisotropic solution.
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FIG. 5. Variation of different gradients in TOV-equation with
radial coordinate r. where we define Fh = − dpdr −α
dθr
r
dr
, Fa =
2α
r
(θrr − θϕϕ), Fg = − ν
′
2
(ρ + p) − α ν′
2
(θtt − θrr), and Ffrt =
χ
2(4pi+χ)
d
dr
(ρ− p).
This leads to a so-called causality condition due to pres-
sure waves in the fluid that do not propagate at arbi-
trary speeds. This condition is deterministic regardless
of whether the material content of the compact struc-
ture is isotropic or anisotropic, so the only difference be-
tween them is that for the isotropic situation the sublim-
inal sound speed, ought to be a diminishing function and
in the anisotropic situation, propagation occurs in both
main directions (radial and tangential directions) of the
compact structure. In any case, this is not valid for the
situation where there is anisotropy, since the speed be-
havior relies upon the inflexible nature of the material.
In this vein, the causality condition reads:
0 ≤ vr ≤ 1 and 0 ≤ vt ≤ 1. (95)
The necessary and sufficient conditions for the strong ef-
fects on the behavior of the distribution of matter within
the compact stellar structure are provided in the expres-
sion (95). On the other hand, the energy-stress tensor
that describes the content of the material is related to
one of the conditions mentioned in inequality (95). In
this respect, the stress-energy tensor is well-defined when
the causality condition is conserved. Also, the reality of
having various velocities affects the stability of the stellar
system.
In Fig. 7, the behaviors of the radial (vr) and tangen-
tial (vt) sound speeds with respect to the radial coordi-
nate r for the star 4U 1820-30 has been shown and it is
observed clearly that they remain inside their predeter-
mined range ]0, 1[ throughout the stellar system, which
affirm the causality condition.
The surface redshift Zs a noteworthy observational
factor that relates the mass m˜(R) = M and the ra-
dial coordinate R of the compact structure, is influ-
enced when anisotropies are brought into the stellar sys-
tem, whatever the mechanism that has provoked. The
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factor 2M/R characterizes the relationship mass-radius
(the compactification factor) of the stellar configuration.
Buchdahl [155] in one of his pioneering work inferred an
upper bound for the enabled mass to radius ratio, i.e.,
u = 2M/R ≤ 8/9, for isotropic fluid spheres correspond-
ing to a maximum value of the surface redshift equal to 2
(Zs = 2).The relationship between Zs, M and R is given
in explicit form by
Zs =
(
1− 2M
R
)−1/2
− 1. (96)
In this respect, Bowers and Liang [156] considered an
hypothetical model with incompressible fluid whose uni-
form density, i.e, ρ = ρ0 and an anisotropy factor ∆ with
a specific form. They estimated that when the radial
pressure equal to tangential pressure i.e, pr = pt that
implies the anisotropy factor is disappearing (∆ = 0).
So, in this case, the surface redshift reached to the up-
per value corresponds to Zs = 4.77, and in the case,
pt > pr or pt < pr that implies ∆ > 0 or ∆ < 0 the up-
per value of surface redshift can be exceeded. Moreover,
the anisotropy factor is depending on the surface red-
shift which confirmed when ∆ is extremely large implies
Zs will also be too.
In addition, Ivanov’s investigations have demonstrated
that for achievable anisotropic compact structure mod-
els complying with SEC and in absence of cosmologi-
cal constant, the surface redshift can reach maximum
higher value Zs = 3.842 though for models according
to Ivanov [157] in presence of cosmological constant the
maximum surface redshift can go much higher up to
Zs = 5.211. These qualities compare to the accompany-
ing mass-radius relationship 0.957 and 0.974, separately.
The graphical representation of the surface redshift Zs
for our stellar model is plotted in Fig. 8. We can con-
clude highly obviously that it is a monotonic decreasing
function with respect to the radial coordinate r according
to the four following scenarios, GR, GR+MGD, f (R, T )
and f (R, T )+MGD. It’s value on the surface of the com-
pact structure, i.e., Zs = 0.415 which effectively validates
the approval of our stellar model as an ultra-dense com-
pact.
XI. ADIABATIC INDEX
The adiabatic index is a basic ingredient of the stable
or unstable criteria. Therefore, the fundamental high-
lights of the corresponding EoS are related to the rela-
tivistic structure of the anisotropic compact configura-
tions according to the arbitrary formulae. The stability
is connected to the adiabatic index Γ, which can be ex-
plicitly composed as [158–160],
Γr =
ρ+ pr
pr
dpr
dρ
, (97)
where dp/dρ is the velocity of sound in units of the
velocity of light. Bondi [161] provides some exception-
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FIG. 6. Variation of energy conditions with radial coordi-
nate r for the star 4U 1820-30.For plotting of this graph,
the numerical values for the constant parameters are A =
0.001, D = 0.1, C = 0.1315.
ally valuable information for compact stellar structures
and imposes some peripheral requirements. It is clearly
demonstrated that a stable Newtonian perfect fluid has
Γr > 4/3 and Γ = 4/3 for a neutral equilibrium. This
restriction changes for a relativistic isotropic compact
structure due to the correlated pressure effect, which
is unsteady. Moreover, the situation turns out to be
more complicated for the relativistic anisotropic com-
pact structure, if the stability relies upon the sort of
anisotropy [160, 162]. In view of the above considera-
tion, Moustakidis [163] had clearly referenced that the
critical value of adiabatic index strongly relies upon the
mass-radius ratio (M/R) to tackle the issue of stability.
Furthermore, the critical value is given in the explicit
form as follows
Γcrit =
4
3
+
19
42
2M
R
. (98)
In Fig. 9 we have showed the behavior of the rela-
tivistic adiabatic index versus the radial coordinate r of
the star 4U 1820-30 for the scenarios GR, GR+MGD,
f (R, T ) and f (R, T )+MGD, which exhibits that in the
case the value of the adiabatic index Γ is greater than
4/3 everywhere in the stellar model, confirming that our
stellar system is completely stable.
XII. FITTING OF OBSERVED VALUES IN
M −R CURVES
We have generated theM−R curves from the solution
in four different scenarios i.e. GR, GR+MGD, f(R, T )
and f(R, T )+MGD. The pure GR and f(R, T ) cases are
isotropic while the remaining cases are anisotropic. In
this model, one must keep in mind that we have as-
sumed isotropic stress-tensor, however, due to minimal
deformation of the spacetime leads to the generation of
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anisotropy. Since the presence of anisotropy introduced
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FIG. 10. M − R curve for GR and GR+MGD using A =
0.001, D = 0.1, C = 0.1315 and ρs = 2.02 × 1013 g/cm3.
an anisotropic force term in the modified TOV-equation,
one can expect that M −R curve is strongly influence by
the anisotropic term. It is well known that for ∆ > 0,
the anisotropic force is outward and inward if ∆ < 0.
The resulting anisotropy from the solution is found to
be positive thereby the anisotropic force will be radi-
ally outward. Therefore, for the case of pure GR and
f(R, T ) the absence of anisotropic force term will ren-
der decrease in stiffness of the corresponding equation of
states (EoSs) the reduces the maximum mass of the stel-
lar fluid. Hence, one can expect that in the presence of
gravitational decoupling (i.e. non-vanishing anisotropic
term) the maximum mass in M −R curve should also in-
crease. For GR case i.e. α = 0 = χ, the maximum mass
in M −R curve is only about 1.23M⊙ and therefore, less
massive compact stars (i.e. M ∼ 1M⊙) can be fitted. We
have found good fitting for three compact stars namely,
LMC X-4, Her X-1 and SAX J1808.4-3958. Accounting
the MGD in GR the presence of anisotropic term widen
the range of Mmax by changing the suitable values of de-
coupling paramter α, therefore, one can fit many compact
stars. In this work we have fitted for six compact stars,
LMC X-4, Her X-1, SAX J1808.4-3958, PSR J1614-2230,
Cyg X-2 and 4U 1538-52. The large values of α are suit-
able for fitting massive compact stars such as PSR J1614-
2230. For the case of pure f(R, T )−gravity, again due
to the absence of anisotropic force makes the EoSs soft
thereby the maximum mass is small (∼ 1.18M⊙). Be-
cause of this reason, we are able to fitting only three less
massive compact stars SAX J1808.4-3958, Her X-1 and
4U 1538-52. For this case, as χ increases the maximum
mass decreases. Of course, in f(R, T )+MDG we can set
for larger values of maximum mass by choosing suitable
values of α and χ. In the present work, we have fitting six
massive neutron stars namely, PSR J1614-2230, Vela X-
1, PSR J1903+327, 4U 1820-30, Cen X-3 and 4U 608-52
and many more can be fitted.
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TABLE I. Physical values of compact stellar models for the case f(R, T )+MGD (χ = 0.4 = α).
Compact star Mass Radius Surface redshift Mass-radius ratio A C D
Models M/M⊙ R(Km) (Zs)
M
R
PSR J1614-2230 (Demorestet al. [151]) 1.97± 0.04 9.69± 0.2 0.582 0.300 0.001 0.1527 3.891
Vela X-1(Rawls et al. [149]) 1.77±0.08 9.56± 0.08 0.485 0.273 0.001 0.1527 4.114
PSR J1903+327 (Freire et al. [150]) 1.667±0.021 9.438±0.03 0.446 0.261 0.001 0.1527 4.222
4U 1820-30 (Gu¨ver et al.) [152] 1.58±0.06 9.316±0.086 0.415 0.250 0.001 0.1527 4.313
Cen X-3 (Rawls et al. [149]) 1.49±0.08 9.178±0.13 0.386 0.240 0.001 0.1527 4.408
4U 1608-52(Gu¨ver et al. [152]) 1.74±0.14 9.528±0.15 0.473 0.270 0.001 0.1527 3.811
a In this table I, we have obtained the mass, radius, surface redshift, mass-radius ratio and constants of the different compact stars for
f(R, T )+MGD.
TABLE II. Physical values of compact stellar models for the case GR(α = 0.0, χ = 0.0) and GR+MGD ( α = 0.4, χ = 0.0).
Compact star Mass Radius Surface redshift Mass-radius ratio A C D
Models M/M⊙ R(Km) (Zs)
M
R
PSR J1614-2230 (Demorestet al. [151]) 1.97± 0.04 9.69± 0.2 0.582 0.30 0.001 0.1467 4.036
Cyg X-2 (Rawls et al. [149]) 1.71±0.21 9.688 0.555 0.261 0.001 0.1467 4.370
LMC X-4 (Rawls et al. [149]) 1.04±0.09 8.301±0.2 0.260 0.185 0.001 0.1467 5.093
Her X-1 (Abubekerov et al.) [153] 0.85±0.15 8.1±0.41 0.204 0.155 0.001 0.1467 5.365
4U 1538-52 (Rawls et al. [149]) 0.87±0.08 7.866±0.21 0.219 0.163 0.001 0.1467 5.307
SAX J1808.4-3658(Elebert et al. [154]) 0.9±0.3 7.951±1.0 0.226 0.167 0.001 0.1467 4.960
b In this table II, we have obtained the mass, radius, surface redshift, mass-radius ratio and constants of the different compact stars for
GR and GR+MGD.
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FIG. 11. M − R curve for f(R, T ) + MGD using A =
0.001, D = 0.5, C = 0.1373 and ρs = 1.6164 × 1013 g/cm3.
XIII. CONCLUDING REMARKS
In this paper, we have studied the behavior of mod-
ified f(R, T ) gravity theory in connection to generate
new exact solutions for anisotropic compact stellar con-
figurations using the gravitational decoupling via mini-
mal geometric deformation method. It is worth to take
note that the minimal geometric deformations stem in an
exclusively gravitational interaction between parts; for
instance, there is no exchange of stress-energy among
them. This approach has been a strategy to decouple
the field equations of static and spherically symmetric
self-gravitating systems. It partners the anisotropic sec-
tor with deformation over the geometrical possibilities.
In this specific circumstance, the f(R, T ) gravity gives
an enthralling point of view without including any mys-
terious energy component. The coupling impacts of ge-
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FIG. 12. M − R curve for f(R, T ) using A = 0.001, D =
0.5, C = 0.1538 and ρs = 2.6941 × 1013 g/cm3
ometry and matter components in this theory provide
the non-zero covariant derivative of the trace of a stress-
energy tensor which is a dominant property to talk about
the traits of gravity at the quantum effect and analyzes
the influence of the non-geodesic movement of test parti-
cles. The acquired solutions are explored analytically as
well as graphically by acting different tests to observe
the physical believability of acquired solutions. Since
f(R, T ) theory is not preserved, as in other modified
gravity theories [141, 142] i.e., ∇µTµν 6=0 new insights
from the physical perspective are coming in the inves-
tigation of astrophysical interiors. In this regard, the
stress-energy tensor gets a few contributions provided in
the context of f(R, T ) theory of gravity. These contri-
butions are managed by the additional term χ contains
in the f(R, T ) gravity. By setting χ=0 one recovers the
usual Einstein gravity theory and therefore the conserva-
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TABLE III. Physical values of compact stellar models for the case f(R, T ) taking χ = 0.3.
Compact star Mass Radius Surface redshift Mass-radius ratio A C D
Models M/M⊙ R(Km) (Zs)
M
R
Her X-1 (Abubekerov et al.) [153] 0.85±0.15 8.1±0.41 0.204 0.155 0.001 0.1512 5.215
4U 1538-52 (Rawls et al. [149]) 0.87±0.08 7.866±0.21 0.219 0.163 0.001 0.1512 5.158
SAX J1808.4-3658(Elebert et al. [154]) 0.9±0.3 7.951±1.0 0.226 0.167 0.001 0.1512 4.812
c In this table III, we have obtained the mass, radius, surface redshift, mass-radius ratio and constants of the different compact stars for
f(R, T ).
tion law of the energy-momentum tensor ∇µTµν=0. For
this purpose, we have investigated the impacts of this ad-
ditional term and the likelihood to getting compact struc-
tures that could serve to depict quark or neutron stars.
Due to the existence of this extra term, the minimal cou-
pling matter is broken and the Bianchi identity is vio-
lated. This problem could in principle modify the mech-
anism of the junction conditions, as occurred in f(R)
gravity, for instance. In this regard, we have discussed
broadly how f(R, T ) theory contribution stays inside the
compact structure, permitting the usage of the broadest
coordinating conditions namely the Darmois-Israel junc-
tion conditions. Moreover, as said earlier in Eq. (62)
it is an important result since the compact object will,
therefore, be in equilibrium in a true exterior space-time
without material content only if the total radial pres-
sure at the surface vanishes i.e., the outer Schwarzschild
space-time (vacuum solution). We have developed a set
of singularity-free solutions of the new generalized class
representing different characteristics of the anisotropic
relativistic system. Moreover, we have considered the
physical behavior of eleven compact spherical objects:
seven X-ray binaries, namely Vela X-1, Cen X-3, Cyg
X-2, LMC X-4, 4U 1538-52 and Her X-1, examined by
Rawls et al. [149]; Abubekerov et al. [153]; Elebert et
al. [154], two low-mass-X-ray binaries, namely, 4U 1820-
30 and 4U 1608-52 examined by Gu¨ver et al. [152] and
two binary millisecond pulsars, namely PSR J16142230
and PSR J1903+327 examined by Demorest et al. [151];
Freire et al. [150], by showing the anisotropic effects
presented by the θ-sector effects in the f(R, T ) gravity
theory framework. Some of the discussed properties of
our systems are depicted below.
• In this study, we see that the behavior of en-
ergy density, radial pressure and tangential pres-
sure namely, ρ, pr and pt with respect to the ra-
dius r for the spherical object 4U 1820-30, are ap-
peared in Figs. 1 and 2, which demonstrate that all
the physical amounts have their maximum values
at the center diminishing continuously to arrive at
the minimum values at the boundary of the spher-
ical object. It shows that the core of the spherical
object is highly compact and our stellar model is to-
tally free of physical and geometrical singularities,
which is valid for the all-area inside the spherical
object.
• Moreover, the anisotropy of our stellar system
is addressed in Fig. 3, which displays that the
anisotropy ∆ is monotonically increasing with the
radial coordinate r of the spherical object 4U 1820-
30. For example, the anisotropy is minimum and
take the zero value at the core and maximum on
the surface for different values of α and χ of our
stellar system as well as such behavior guarantee
pt > pr i.e., ∆ > 0 wherever inside the spherical
object and furthermore upgrades the stability and
equilibrium mechanisms. We remark from Fig. 4
that the behavior of the equation of state parame-
ters i.e., (ωr = pr/ρ) and (ωt = pt/ρ) with respect
to the radial coordinate r, has resulted in the con-
tent of the material inside the compact structures
as expected in some senses in this type of matter
distribution. This component ensures the conser-
vation of the causality condition that leads to the
physical validity of the matter distribution.
• On the other hand in Fig. 5, we have exhibited the
behavior of the four gradients namely, the hydro-
dynamic (Fh), gravitational(Fg), anisotropic (Fa)
gradients, and extra gradient (Ffrt) arises due to
f(R, T ) gravity with respect to the radial coordi-
nate r due to various chosen values of α and χ
parameters. We find that the equilibrium of these
forces is achieved, which confirms that the stellar
system is in dynamical equilibrium. Furthermore,
in Tables I, II and III, we have obtained the radius,
surface redshift, mass-radius ratio and the possible
values of the physical parameters A, C andD of the
different compact stars for various chosen values of
α and χ parameters under four different scenarios,
viz., GR, GR+MGD, f(R, T ) and f(R, T )+MGD.
We have note also that the surface redshift is in-
creasing with mass-radius ratio.
• We have checked that the well-behaved and pos-
itive defined stress-energy tensor wherever inside
the compact spherical object which fulfill simulta-
neously by the inequalities (91)-(93). In Fig. 6, we
have depicted the L.H.S of the inequalities (91)-
(93) which verifies that all the energy conditions
are fulfilled at the stellar interior and hence affirms
that the physical availability of the compact stellar
interior solution.
• In Fig. 7, the practices of the radial (vr) and tan-
gential (vt) sound speeds with respect to the ra-
dial coordinate r for the compact structure has ap-
peared and it is observed obviously that they stay
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inside their foreordained range ]0, 1[ all through the
stellar system, which assert the causality condition
and also confirm the admissibility of the resulting
anisotropic solution of our stellar model.
• We have shown the gravitational redshift with the
compact spherical object in Fig. 8. From this fig-
ure, it is found that the surface redshift within stan-
dard estimation findings by Ivanov’s [157] which ef-
fectively validates the approval of our stellar model
as an ultra-dense compact. In Fig. 9, we have
exhibited the behavior of the relativistic adiabatic
index with respect to the radial coordinate r. Then
we found that the value of the adiabatic index Γ is
greater than 4/3 everywhere in the stellar struc-
ture which is affirming that our stellar system is
totally stable under radial perturbations in all in-
terior points of the astrophysical object.
• Further, we have generated the M − R curves
from the solution in four different scenarios, specifi-
cally GR, GR+MGD, f(R, T ) and f(R, T )+MGD,
which is outlined in Figs. 10, 11 and 12. So from
these three Figs. 10, 11 and 12 we have found
good fitting for many compact stars in different
scenarios as follows : six compact stars viz., PSR
J1614-2230, Cyg X-2, LMC X-4, Her X-1, 4U 1538-
52 and SAX J1808.4-3658 in both scenarios GR
and GR+MGD (see Fig. 10), six compact stars
viz., PSR J1614-2230, Vela X-1, PSR J1903+327,
4U 1820-30, Cen X-3 and 4U 1608-52 in scenario
f(R, T )+MGD (see Fig. 11), and three compact
stars in scenario f(R, T ) namely, 4U 1538-52, SAX
J1808.4-3658 and Her X-1 (see Fig. 12) by chang-
ing the suitable values of α and χ. In this respect,
all solutions present a positive anisotropy factor ∆.
In fact, this feature implies that our stellar model
is completely undergoing stable behavior.
We have described the evident advantages of gravita-
tional decoupling via minimal geometric deformation
method as an efficient approach into a modified f(R, T )
gravity theory. This was accomplished for two distinct
conditions on the gravitational source. We found new
solutions are well-behaved from the physical and math-
ematical point of view as well as free of any geometri-
cal singularities in the case where the mimic constraint
for density and pressure. In order to compare the re-
sults obtained in the four different scenarios presented
viz., GR, GR+MGD, f(R, T ) and f(R, T )+MGD, we
have specified the seed solution which must satisfy the
eq. (36). Therefore, we take Korika-Orlyanskii perfect
fluid solution as a seed solution, we came to the follow-
ing conclusion: the salient radial and tangential pres-
sure in the f(R, T )+MGD scenario are dominated by
GR, RG+MGD and f(R, T ), only the salient the total
energy density in the f(R, T )+MGD governs all situa-
tions, which suggests that the f(R, T )+MGD scenario is
denser than GR, GR+MGD and f(R, T ). Apart from
this, the expansion of energy density doesn’t reflect an
adjustment in the complete spherical object mass. De-
spite the fact that these solutions have the most extreme
central energy density, the M − R relationships and the
surface gravitational redshift undergo changes which, as
examined, have strong observational ramifications.
As a final comment, we need to feature two things. To
begin with, it is conceivable to acquire respectful stel-
lar insides in the framework of the gravitational f(R, T )
system by utilizing gravitational decoupling via minimal
geometric deformation technique. All solutions found in
this paper fulfill and share all the physical and mathemat-
ical characteristics required in the investigation of com-
pact spherical objects, which serve to comprehend the
evolution of real stellar objects such as quark or neutron
stars. Second, it was discovered that f(R, T ) gravity the-
ory is a hopeful scenario to contemplate the existence of
compact configurations depicted by an anisotropic mat-
ter distribution, which results can be compared with
the well-presented general relativity, and meets the well-
known and tested general requirements.
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